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NATIONWAL ADVISORY COLMITTEE FOR AZRONAUTICS

CENICAL NOTE NO., 788

DRAG DETZRMINATIONS  OF THE FORWARD COMPOWNEHT

OF A TRICYCLE LANDING GEAR T

By Hubert . Harmon ST

SUMMARY

Wind-tunnel tssts were performed to determine the drag
of the front-wheel arrangements of several types of fHricy-
cle landing =gear. One wheel was tested in arrangements 1o
simulate. both nonretracted and partly retracted types. The

landing gears were tested in conjunctioan with a fuselage,
and the effects of wheel extension and longitudinal loca~

tion were determined. . : T

The drag changed very little with either longitudinal
llocation or wheel extension for the landirg zear with the
lowest. drag: a comvletely faired landing 3zear of the wheel-
spat, single—-strut type. The dras of the trouser-~type
landing gear increased considerably, however, with ar in-
crease in the wheel extension. The wheel of the uanfaired
retractable landing .5ear was at least one-~hal? retracted
inte the fuselage Dbefore the’ drag became less than that of
the best nonretracted landing gear. The drag per unlilt
frontal area of the landing gears of the present tests was
about tae same as that found for similar landing gears in
earlier testgs, ' B

INTRODUCTION R

Several years ago %tests of a large rumber of conven=—..
tional two~wheel landinz Zears alone and also ¥n combination
with fuselagze, wings, and nacelle were made by the NACA.
(See references 1, 2, and 3.) These tests contrivuted a
considerable amount of basic information about the draz of
landing gears. The dras of the fixed and the paritly re-~
tracted forward component of the tricycle landing gear
could not be predicted with certainty from the previous
tests because these tests did not include larding gears that
were located at the forward end of the fuselase. '
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The tests herein reported were nmade to dotermine the
drag of nose-wheel landing-<ear arrangements and possible
variations ‘peculiar to tricycle landing sears. The landlny
gzears tested were restricted to a few cantilever types
found to be Zood in the earlier tests. Most of them were
tested in four loagitudinal positions.

APPARATUS

The tests were made in the WACA 20-foot wind tunnel.
(See reference 4.) The return vassages of the tunnel have
been slightly altered and a new six~element balance has
been installed since reference 4 was writter.

The fuselage to which the landing 3ears were fitted is
shown suwported on the balance in figure 1. The forward
half of the fuselage is approximstely elliptical in cross
section; the nose and the windghield approximate the skape
of the nose and the windghield on a nofern transport fuse-
lacze. )

The landing gears tested may be classed as nonrestract—
ed and partly retracted types. The wheel 1sed for all tests

is a ~gscale model of o nominal 47-inch smooth contour

2,72
wheel. The unfaired wheel and fork are shown in figure 2,
Flgure 3 shows the landinz sear desisgrated strut=faired
landing zear. 4 streamline fairing of Navy 1 strut section
is slipved.over the rcnnd strut.. Figurss 4 and 5 represent
complete Tairiasgg desisnated I and II, which arc the
wheel-spat, single-sgtrubt type and the trouser tyrpe, respsoc—
tively. ' .- ' ' '

Complete fairing II is obtained by slipnirg the large
streamline &ylindrical fairin3 dowa over the strut and the
wheel to the maximum section of the wheel fairing, vhich it
fits snuglyl The vpartly retracted larding gears tested in-
cluded an unfaired landine zear slone and retracted into
the streamline fairing, both .with aznd without the faﬁrln”
caps The fairing is- chown in figure 6.
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METHODS : . _ e

All the landing gears were tested in conjunction with
the fuselage, which was set at zero piteca. ! Figure 7 is a
comvosite sketch showing part of the outline of the wheel
in each vosition tested. The long $tudinal. locations are _ _
called vositions A, B, &, and D and the radial locatior
along any of these lines is given as a certain extension _
in wheel diameters measured from the outermost wheel sur—-
Tace. 7Figures 8 to 32 show the various arranﬂements, tac e
modificationsg, and the drag results. T

Drag and dynamic pressure were measured for every ar-—
rangenent. : - T

PRECISION L

Based on the check of zero readings and on reneat .
tests, the drag is believed to he msccurate So within 20.5 B
pound. The relative preocision’ of the tests made ciose to-~ o

gzether in a series, in which the fillet was the only change, -
is with few excepiions believed to be within *0.2 pound. —=

-~ ooz

RESULPS AND DISCUSSION

All drag values’ presented iIn this report were taken
from faired curves of .drag plotted against dynamic pressure.
The most useful of the results given. in figures 8 to 32 are
surmarized in tables I and II. Plots of drag agalinst wheel
extension for the various types of gear are. shown in figure
33. Figures Z4 and 35 show the varigition of draz with the . =
longitudinal location. - These three ' figures present the
chief trends and the local deviationsg from them. oL

The nonreitracted landing Zears in order of decreasing
drag are: unfaired landing gear, strut-faired landing gear,
completely faired landinzg gear II, and completely faired -
landing gear I. One éexception to this order is found in
position O, where the completely Iaired Landinﬂ zear I1
2t less than 1.16 diametor extension is Ilower in drag than
the completely faired landinsg zear I.at’the éame exten51on.

The nartly retracted landing gears in order of decreas-—
ing drag are: +the londing gear in streamline fairing wish
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cap cff, the unfaired landing sear alone, and the landing
gear in streamline fairinsg with the cap on.

The drasg of the unfaired landing ear in the streoaom-—
line fairing with the ecap on . is much lower than that of any
of the nonretracted landing goars oxtended more than 1.25
wheel dinmeters, but the unfaired landing 3Zear alone must
be retracted alrost 0.5 diameter before its drag is reduced
to that of the best nonretracted landing 3ear,

There is a general trend of increased draz with an in-
creased extension, but the drag of the completely faired
landing sear I remains substantiallyr constant with an in-~
crease in the extension. The unfaired landinz fear and thse
completely faired lanrndias gear II show the groatest in-
creases with extensiorn.

The drag of cach landing gear elther does notv change
or initially increases as the landirg gear isg moved to o
more rearward pogition. Of the landirg sears tested in
the most rearward position D, only the unfaired larding
goar had a lowor drag than tho same landinz Zear ia the
next forward position- ¢. Of the nonretracted landing
Zears, the unfaired landinsg gear and the strut-faired land-~
ing gear gshowed the sgreatest crange in drag with lonzxitu-~
dinal position. The partly retracted larding 3gears showed
practically no change with longitudinal pcsiticn,

Fillet changos on the completely faoirecd -landing gear
I had oaly a small effect. Fillet changes on the completely
faired landing gear. II caused considerable change in drasg,
but the variation with fillet size was not resgular.

The drag per unit frontal areo of-the completely falred
landing gears I and II was about the same as that found for
the similar ianding gears B aand A4, respeciively, of ref-
erence 2.

CONCLUSIONS

The drag changed very little wlth either lonzitudinal
location or wheel extension for the landing gear with the
leowest drag: a completely faired landing -gear of the wheel—
'spat, single~strut type. The drag of the trouser-tyve
landing gear increased consideradly, howvever, with an in—
crease in the wheel extension. - The wheel of the unfaired
retractable landing Iear was at least oreo-half retracted
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into the fuselase before the dra3l became less than yhat of
the best nonretracted landing 3ear. The dras per unit

frontal area of the landinsg gears of the present tests was

about the same as that found for similar landing gears in
earlier tosts, -

Langley Memorial Aeronautieczl ILaboratory,

National Advisory Counmititce faor Asronautics,
Langley Field, Va., October 10, 1940.
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TABLE I

Drag at 100 mph‘of Nonretracted Landing Gear
and Wheel Arrangements

[Drag values given are for optimum fillets. For fillet
dimensions used and for values obtained with fillet
arrangements with higher drag, see figs. 8 to 28,
inclusive.]

Fairing Wheel Drag, 1D
and extension
reference Pogition|Position|PoslitioniPosition
(dian.) A B C D
2.00 7.9 9.5 13.5 13.0
Unfaired 1.50 5.9 7.1 10.7 9.8
(fig, 2) 1.13 3.1 - - -
1,06 - 5,7 9.9 8.0
Strut 2.02 4.4 5.4 - -
. 2,01 - - 8.3 -
fairing
1.50 3.9 - 7.5 -
Conplete 2.00 1.9 2.0 2.5 4.0
fairing; I’ 1.50 1.5 2.4 2.5 3.8
wheel-gpat 1.50 - 2z,4 - -
and strut l.25 1.7 - - -
type 1,18 - 2.0 - -
(fig., 4) 1,11 - - 2,6 -
Complets 2,00 - 5.2 5.2 7e5
iairin% II4 3,50 - 4.6 4.8 4.9
rousgser—
(fig. 5) 1,02 - - L4 -

®Wneel clearance increassd by trirming off 1 inch of fairins.
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TABLE II

788

Drag at 100 mph of Partly Retracted Landing-Gear
and Wheel Arrangenents

(Drag values given are for optimum fillets.
nensions,

see fiss.

29 %o 32,

inclusive)

For fillet di-

Drag, 1b
¥heel T

Fairing extension } Partly

and Position Position|Positiorn|retracied
reference (diam. ) B c D into tiv

of nase

Unfaired 0.?5 4,0 4,8 - -

Tear « 50 1.0 1.8 1.7 0.6
(fig, 2) .25 .5 .8 1.2 -
Strearline
fairing, 0.75 6.9 6.8 - -
cap off .20 5.2 4.9 - -
(fig. 6)
Streanline
fairinsg, 0.75 0.5 0.8 — -
cap on .50. -, 1 .0 - -
(fig, 6)




¥igure 1. - Fuselage and landing gear with complete fairing I mounted in the 20-foot wind tunnel.

Wheel extonded 1.5 dlameters in position B,
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The wheel is a 1/3.73-soale
model of a nominal 47-inch
sucoth contour whesl.

Figurs 3.~ Unfaired landing gear. ST

% u -

Figuro 3.~ Landing gear with strus fairing.
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Figure 4.-

Landing gear
with complete
fairing I.

I.4

Figure 5.- landing gear with seuplete fairing II.
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Figure 7.~ Composite sketoh
gus showing all hnding-

mz;&ounﬁ tested.
ions glvex in wheel
diemeters.
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WHEEL EATENGION DwmaG: OF LUmNODANG GEMNR
DIAM} AT W00 M.PW.(LB)
1A\3S 2.1

FIGURE 7 -~ UNFAIRED LANDING GEMAR. POSGITION A, -

WHEEL ZXTENS\ON DRAG OF LRNDING GEAR
(OAM) AT wwomMmepwW (Lw)
2.00 (GBHowmN) .95
1.0 Ty

FIGUARLR 10, ~UNFAIRED LANDING GEAR . POSR\T\OMN A )
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WHEEL EXTENS\OWN ORMNIE OF LANDNG GEAR,
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FIGURE 18— UNFMRED LABDING GERR, POSITION <.
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COVMNY) AT 00 tamr (Lm) -
Z.00 (SHOWN) \'B.O - o
O o n B . —

FIGURE 14 -~ LreEAlRED LANDING GEAR , POLYTOWN ©,
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FIGURE 15~ LWNEMREID LANDIWNG GEMAR..
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FIGURE 16, - UANDING GEAR “WATR STITRUT FARING. ONLY ¢
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FIGUR®E

WHEEL EXTEMNS\O™

FiGuws

Tigs. 17,18

CRAG oF CANGWG GEAR

FILLE YT mADWWS . .
AT SO MPH (LWB)

[4-TVX W) Gwa)
2.00 1 (SHowN) o
\.So ] LS

\T7. -~ COMPLETE FA\R\NG X. FOS\T\ON e

FILLET ROWS DRAG OF '“ANDING GEAR

WHEEL EXTENBDION
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-4 4 AT LERTNG EUGE. Tt

T AT TRAWNG EDGE

VB =~ COMPLETE FA\RING T, POSVTIOW &,

Ay
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WHEEL SXTENSION TULET RADIUSG DRAG OF LANDING GEAR
{TARN ) 432 ) _NT oo MPW (Lw)

2. a0 \ (SHOWN BY S0LID LINE) 2.0 .
2, cQ EAPANDS ¥FRom \ To 2.0 T %
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Y-} 2 KT WHELL TARING, 2.4 [
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/ WSS XPAND S FRoM Y4 To 2 24 T -
‘\/, V.50 ;] OWHEEL CLEARANCE N 3.9
TARANG \NCREMDED B
Tt meme s me e TR\NM\NC- OFF \ \t™NCY OF .

MNR\NG, AL AROUND )
FlGURE. |, — COMPLETE, BARMNG . POSTIOWN W, o

WHEEL EXTENSION FLLET RADIMDS DRAG OF LANDING GEmR
Co\AMY (4315 AT 100 MP R (L)

(Y3 2 2.0
FIGURE 20 .~ COMPLETE FARWNG T, POSTTION B
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WHEEL SETENGION FILLET RADMS TRAG 0F LANOING GEAR
(DAY ) W) BT 0O MPR (W)
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OF LANDG GunE

-~ ) N —I\E O RNG
WH"E\(BF“‘::)'N&WN Hr ) NT 100 MPR (-®)
A 2. S
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TIGURE 22, — COMPLETE ARG T. POSHVTION C. _ i
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AT 100 MPR (=
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WHEEL EXTEMNMS\O™N STREMALANEG  FRRING, DRAMAS OF LAMDING SERR
fovamy AT 100 MPY  (L-8) ——
o.5e NONE  (SHOWN BY 30D \UNE) \.1 ’ o
.25 NONE  (SHOWN DOTTED) . 1.2 -
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0.50 o.6 o T -

FIGURE 2.~ UNFAIRED WHREEL PARTLY WETRACTED
INTO TT\P OF NOB%.,
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Drag at 100 mph, 1b

Tigure 35.~ Relation of drag of partly retracted landing gesr t0 distaunce back of noss.
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